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C BY-NC-Abstract A novel separation method was developed for the extraction and chromatographic sep-
aration of copper(II). The quantative extraction of 25.0–125.0 lg copper(II) has been observed
from 0.05 to 0.25 mol/L of ascorbic acid at pH 9.0–12.0 with 0.087 mol/L N-n-octylaniline (liquid
anion exchanger) coated on silica gel at a ﬂow rate of 1.0 ml/min. The extracted metal ion has been
recovered by eluting with 25.0 ml of 1.0 mol/L hydrochloric acid and determined spectrophotomet-
rically by rubeanic acid method. The various inﬂuencing parameters viz. acid concentrations,
reagent concentration, eluates effect of pH, and effect of ﬂow rate on extraction were studied.
The method is free from large number of interferences from cations and anions. A scheme for
mutual separation of copper(II), gold(III) and bismuth(III) has been developed. Copper(II) has
been separated from ayurvedic (Herbal) medicine and synthetic mixtures corresponding to alloy.
The log–log plot of N-n-octylaniline concentration versus the distribution coefﬁcient indicates that
the probable extracted species is [ðRR0NH2þÞ3  CuðC6H7O6Þ53org.
ª 2010 King Saud University. Production and hosting by Elsevier B.V.Open access under CC BY-NC-ND license.1. Introduction
Copper is one of the most abundant elements in the earth crust.
The copper is used in medical science, surgical instruments and91 9822522004; fax: +91
S.R. Kuchekar).
y. Production and hosting by
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lsevier
ND license.ayurvedic medicines. It also forms alloys and is essential for
plant and animal growths. It has wide range of applications
and due to its toxicity it is essential to develop an innovative
method for its separation which is an analytical merit.
Reversed phase extraction chromatography is an extremely
versatile technique and has been applied successfully for the
separation of various metals (Mandal and Ghosh, 2008;
Mandal and Roy, 2008; Rokade and Dhadke, 2001; Rokade
et al., 2001).Copperwas quantitatively extractedwithdi-n-phenyl
sulphoxide (DPSO) and di-n-octyl sulphoxide (DOSO) as an
extractant from hydrochloric acid media using lithium chloride
as a salting out agent (Reddy, 1991). Oxime extractant MOC
45 (Srinivasa Rao et al., 2000) was used for solvent extraction
and separation of copper from sulphate media in kerosene.
The extraction of copper depends on pH and temperature.
4-Propyl-2-thiouracil (PUT) (Ghaedi et al., 2007) loaded on
activated carbon adsorbs copper(II), nickel(II), cobalt(II) and
Table 1 Extraction of copper(II) as a function pH.
pH Recovery (%)
3.0 0.0
4.0 16.9
5.0 52.0
6.0 67.6
7.0 74.3
8.0 94.6
9.5 98.9
9.0 100.0
9.5 100.0
10.0 100.0
10.5 100.0
11.0 100.0
11.5 100.0
12.0 100.0
12.5 70.0
13.0 22.3
14.0 0.0
Cu(II): 125 lg; N-n-octylaniline: 0.087 mol/L; eluent: 25 ml
1.0 mol/L hydrochloric acid; ascorbic acid: 0.05 mol/L; ﬂow rate:
1.0 ml/min.
210 S.R. Phule et al.lead(II). Metal complex from activated carbon was eluted
using 5.0 ml, 3.0 M nitric acid in acetone. Though these are
concentrated, separation study of these metals was not done.
Morpholine-4-carbodithioate (Kaur and Malik, 2007)
(MDTC)–copper(II) complex separated on C18 column by
using solid phase microextration high performance liquid
chromatographic method. This method was employed for the
determination of copper in different alloy samples. Bis(isova-
lerylacetone) ethylenediamine (Khuhawar and Lanjwani,
1998) was used for separation of cobalt(II), copper(II), iron(II)
and platinum(IV) complexes by HPLC using microsorb C18
column. These complexes were eluted by ternary mixture of
methanol/water/acetonitrile. Other methods used for determi-
nation of copper(II), lead(II), and mercury(II) were precon-
centrated on modiﬁed electrode by complexing with
2-benzothiazolethiol (Cesarino et al., 2008) and reduced at
negative potential. Other methods viz. optical chemosensor
(Xiang et al., 2008), zincon (Ghasemi et al., 2003) and thio-
michlersketon (Fu and Yuan, 2007) spectroscopic methods
were used only for the determination of copper.
In our laboratory n-octylaniline was employed successfully
for solvent extraction of gallium(III), indium(III) and
thallium(III) (Kuchekar and Chavan, 1988) and zinc(II),
cadmium(II) and mercury(II) (Kuchekar et al., 2003).
n-Octylaniline was also used for reversed phase column
chromatographic separation of gallium(III), indium(III),
thallium(III) (Aher and Kuchekar, 2008). n-Octylaniline and
N-n-octylaniline were used as extractants for reversed phase
paper chromatographic separation of zinc(II), cadmium(II),
mercury(II) (Aher and Kuchekar, 2004), copper(II), silver(I),
gold(III) (Aher and Kuchekar, 2006), gallium(III), indium(III)
and thallium(III) (Aher et al., 2006). Recently N-n-octylaniline
has been used for reversed phase extraction chromatographic
separation of some platinum group metals (Kokate et al.,
2009a,b; Kokate and Kuchekar, 2009, 2010). The use of this
reagent is found to be advantageous as it can be synthesized
at low cost, with high yield and of best purity. The present
investigation describes its use in quantitative extraction of cop-
per(II) from real samples.2. Experimental
2.1. Apparatus
A spectrophotometer [Elico model SL-159] with 10 mm path
length quartz cells and pH meter [Control Hydrodynamic] is
used for absorbance and pH measurements.
2.2. Reagents
All the chemicals used in this work were of analytical grade
and having purity of 99.9%. Double-distilled water is used
throughout this work. The stock solution of copper(II) was
prepared by dissolving 0.98175 g of copper(II) sulphate penta-
hydrate (CuSO4Æ5H2O) in distilled water. It was transferred in
250 ml volumetric ﬂask diluted with distilled water and stan-
dardized gravimetrically (Vogel, 1961). Other standard solu-
tions of different metals used for effect of foreign ions
(Table 2) were prepared by dissolving their salt in dilute
hydrochloric acid. The solutions of anions were prepared by
dissolving respective sodium salts in distilled water. TheN-n-octylaniline was prepared using the method reported by
Gardlund et al. (1973). The reagents ascorbic acid 99.9%,
hydrochloric acid 37%, ammonium acetate 96.9%, acetic acid
99.5% [supplied by Merck India Ltd.], rubianic acid 98.9%
and gum arabic [supplied by Loba Chem Ltd. India] were used
in this work.
2.3. Preparation of anion exchange material
Silaned silica gel was prepared by recommended procedure
(Kokate and Kuchekar, 2009). A portion of 5.0 g silaned silica
gel was soaked with 0.087 mol/L N-n-octylaniline which was
previously equilibrated with ascorbic acid (0.05 mol/L, pH
10.5) for 10 min, and then the solvent was evaporated to get
a nearly dried gel. A slurry of coated silica gel in distilled water
was prepared by centrifugation at 2000 rpm and coated silica
gel was packed into chromatographic column which is made
from borosilicate glass tube, having a bore 8 mm, length
30 cm, ﬁtted with glass–wool plug at the bottom, to give a
bed height 6.0 cm. The bed was then covered with a glass-wool
plug.
2.4. General procedure for extraction and estimation of
copper(II)
An aliquot of solution containing 125 lg copper(II) and ascor-
bic acid equivalent to 0.05 mol/L diluted to 25 ml. this solution
was slightly acidic. The pH of this solution was adjusted to
10.5 using ammonia solution. It was passed through the col-
umn containing 0.087 mol/L N-n-octylaniline coated with sil-
ica gel at a ﬂow rate of 1.0 ml/min. After extraction,
copper(II) was eluted with 25.0 ml, 1.0 mol/L hydrochloric
acid. Eluted aqueous phase was evaporated till one-fourth
of its total volume.remains. Then it was cooled to room
temperature, in it 2.5 ml acetate buffer was added followed
by 1.0 ml of gum arabic solution and 0.5 ml rubeanic acid solu-
Table 2 Effect of foreign ions.
Foreign ion Added Tolerance limit (lg) Foreign ion Added Tolerance limit (lg)
Mn(II) MnCl2Æ6H2O 300 W(VI) Na2WO4Æ2H2O 300
V(V) V2O5 300 Pt(IV) PtCl6ÆxH2O 200
U(VI) UO2(NO3)2Æ6H2O 250 In(III) InCl3 500
Tl(III) TlNO3 50 Ni(II) NiCl2Æ6H2O 300
Zn(II) ZnSO4Æ7H2O 100 Ir(III) IrCl3ÆxH2O 200
Cd(II) 3CdSO4Æ8H2O 300 Fe(II) FeSO4Æ7H2O 100
Bi(III) Bi(NO3)2Æ5H2O 300 Pb(II) Pb(NO3)2 50
Sn(II) SnCl2 50 Os(VIII) OSO4 300
Mo(VI) (NH4)6Mo7O24Æ2H2O 300 Rh(III) RhCl3ÆxH2O 200
Ag(I) AgNO3 300 Ru(III) RuCl3ÆxH2O 200
Mg(II) MgCl2Æ6H2O 200 EDTA EDTA (disodium salt) 300
Fe(III) FeCl3 300 Tartrate C6H6O6 500
Co(II) CoCl2Æ6H2O 300 Malonate CH2(COONa)2 500
Ti(IV) TiO2 300 Oxalate (COOH)2Æ2H2O 500
Ga(III) GaCl3 500 Succinate CH2COONa)2Æ6H2O 300
Al(III) AlCl3 300 Citrate C6H8O7ÆH2O 300
Au(III) HAuClO4ÆH2O 100 Thiourea SN2H4C 300
Hg(II) HgCl2 300
Cu(II): 125 lg; N-n-octylaniline: 0.087 mol/L; eluent: 25 ml 1.0 mol/L hydrochloric acid; ascorbic acid: 0.05 mol/L, pH 10.5; ﬂow rate: 1.0 ml/
min.
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absorbance of the solution was measured at 685 nm using
spectrophotometer (Sandell, 1959).
3. Applications
3.1. Separation of copper(II) from binary mixtures (n= 3)
Separation of copper(II) from synthetic binary mixtures with
bismuth(III), platinum(IV), gold(III) and osmium(VIII) were
prepared. The separation of these mixtures was carried out
using proposed method. The results are reported in Table 3.
3.2. Mutual separation of copper(II), gold(III) and
bismuth(III)
In a 25 ml volumetric ﬂask 100 lg copper(II), 50 lg gold(III),
100 lg bismuth(III) and hydrochloric acid were transfered to
make a solution 0.7 mol/L with respect to hydrochloric acid.
The solution was passed through the column containing
0.087 mol/L N-n-octylaniline coated on silica gel. Gold(III)Table 3 Separation of copper(II) from binary mixtures.
Mixture Chromogenic ligand Taken (lg)
Bi(III) + Cu(II) KI 125.0
Rubeanic acid 125.0
Pt(IV) + Cu(II) Sncl2 125.0
Rubeanic acid 125.0
Au(III) + Cu(II) Sncl2 125.0
Rubeanic acid 125.0
Os(VIII) + Cu(II) Thiourea 125.0
Rubeanic acid 125.0
Copper(II) get extracted and bismuth(III), platinum(IV), gold(III) and os
eluent: 25 ml 1.0 mol/L hydrochloric acid; ascorbic acid: 0.05 mol/L, pHand bismuth(III) get extracted in the column and copper was
eluted in aqueous phase, determined by spectrophotometric
method. Bismuth(III) was eluted with acetate buffer and deter-
mined spectrophotometrically by potassium iodide method.
Gold(III) was stripped with 0.25 mol/L ammonia and deter-
mined spectrophotometrically by SnCl2 method (Table 4).
3.3. Analysis of copper(II) from alloys samples
The proposed method was applicable for separation of cop-
per(II) from synthetic mixtures corresponding to alloys. The
results of analysis matched with certiﬁed values (Table 5).
3.4. Separation of copper(II) from ayurvedic samples
The ayurvedic samples of copper were changed into solution
by wet digestion (Christian, 1995) method. It is used for the
digestion of organic material. In wet digestion the acids oxidize
organic matter to carbon dioxide, water and other volatile
products, which are driven off, leaving behind salts or acids
of the inorganic constituents. Wet digestion with a mixtureFound (lg) Recovery (%) % RSD
124.56 99.6 0.21
124.75 99.8 0.24
124.39 99.5 0.33
124.68 99.7 0.14
124.18 99.3 0.41
124.79 99.8 0.29
124.09 99.3 0.37
124.48 99.6 0.25
mium(VIII) remains in aqueous phase. N-n-octylaniline: 0.087 mol/L;
10.5; ﬂow rate: 1.0 ml/min.
Table 4 Mutual separation of copper(II), gold(III) and
bismuth(III) (n= 3).
Metal ion Taken (lg) Found (lg) Recovery (%) % RSD
Cu(II) 100 99.67 99.7 0.19
Au(III) 50 49.69 99.4 0.34
Bi(III) 100 99.60 99.6 0.17
Copper(II) was not extracted and eluted ﬁrst in aqueous phase.
Bismuth(III) eluted with 25 ml acetate buffer. Gold(III) eluted with
25 ml 0.25 mol/L ammonia.
Table 6 Separation of copper(II) from pharmaceutical
formulations.
Pharmaceutical sample Cu(II)
Certiﬁed value (%) Found (%)
Tamra Bhasma (S.Y.S.)
Match No. 108 Shree Akshar
pharmaceuticals Pvt. Ltd. (India)
50.0 49.6
Figure 1 Extraction of copper(II) as a function of ascorbic acid
concentration.
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oxidation procedure. Copper(II) was extracted by the pro-
posed method and determined by the standard procedure.
The results were in good agreement with certiﬁed values
(Table 6).
4. Results and discussion
4.1. Effect of ascorbic acid concentration
The effect of ascorbic acid concentration on the percentage
extraction of copper(II) was studied in the range 0.001–
0.40 mol/L on the column coated with 0.087 mol/L N-n-octy-
laniline as the stationery phase on silica gel. The extraction
of copper(II) was found to be quantitative at 0.05 mol/L ascor-
bic acid, hence, all the extractions were carried out at this con-
centration (Fig. 1). Decrease in percentage extraction has
occured with an increase in acid molarities because copper
ascorbic acid anion ½CuðC6H7O6Þ53org stability increases
and the anion is stable in an ascorbic acid molarity range
0.05–0.25 mol/L. After that the anion is not stable and hence
it decreases.
4.2. Effect of pH
The effect of pH on the percentage extraction of copper(II)
was studied in the pH range 3.0–14.0 on the column coated
with 0.087 mol/L N-n-octylaniline as the stationery phase on
silica gel. The extraction of copper(II) was found to be quan-
titative at pH 10.5. Hence, all the extractions were carried
out at pH 10.5 (Table 1).
4.3. Effect of ﬂow rate
The effect of ﬂow rate on percentage extraction of copper(II)
was studied from 0.5 to 3.0 ml/min. It was observed that theTable 5 Analysis of copper(II) from synthetic mixtures correspond
Alloy sample Cu(II) Cu(II)
Compositions (lg) Certiﬁed (lg) Found (l
Gun metal alloy’s 84.95 84.85, 84
Pb 2.31; Cu 84.95; Sn 4.89
5 g non-ferrous alloy 65.00 64.79, 64
Pb 2.0; Cu 65.0; Zn 30.0; Sn 1.0
Cu(II): 125 lg; N-n-octylaniline: 0.087 mol/L; eluent: 25 ml 1.0 mol/L hyd
min.percentage extraction is inversely proportional to the ﬂow rate.
Therefore the ﬂow rate was kept at 1.0 ml/min for further
extraction studies.
4.4. Effect of N-n-octylaniline concentration
The concentration of N-n-octylaniline was varied from 0.022
to 0.109 mol/L while the concentration of ascorbic acid was
varied from 0.01 to 0.06 mol/L at pH 10.5 to observe the effect
of N-n-octylaniline. It was found that for quantitative extrac-
tion of copper(II), 0.087 mol/L N-n-octylaniline was sufﬁcient
in 0.05 mol/L ascorbic acid media at pH 10.5. The percentageing to alloys.
Mean Recovery (%) RSD (%)
g) (n= 3) (n= 3) (n= 3)
.72, 84.65 84.74 99.8 0.12
.85, 64.75 64.80 99.7 0.08
rochloric acid; ascorbic acid: 0.05 mol/L, pH 10.5; ﬂow rate: 1.0 ml/
Figure 2 Log–log plot of distribution coefﬁcient versus N-n-
octylaniline concentration at 0.01 and 0.03 mol/L ascorbic acid.
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tion of N-n-octylaniline. Log–log plot of N-n-octylaniline con-
centration versus distribution coefﬁcient at 0.01 and 0.03 mol/
L ascorbic acid gives slopes 3.3 and 3.5, respectively (Fig. 2).
The probable composition of extracted species was calculated
is 1:3 (metal to amine) ratio. The extraction mechanism can be
explained as follows:
½RR0NHorg þ ½C6H8O6aq ½RR0NH2þC6H7O6org
3½RR0NH2þC6H7O6org þ ½CuðC6H7O6Þ53aq
 ½ðRR0NH2þÞ3CuðC6H7O6Þ53org þ ½ðC6H7O6Þ3aq
where R = AC6H5 and R0 = ACH2(CH2)6CH3.
4.5. Effect of eluting agent
The elution of copper(II) was studied from 0.1 to 4.0 mol/L
hydrochloric acid. Metal ion was eluted quantatively in
1.0 mol/L hydrochloric acid. The elution of copper(II) was
also studied with hydrobromic acid (0.1–6.0 mol/L), sulphuric
acid (0.1–2.5 mol/L), perchloric acid (0.1–2.5 mol/L), sodium
hydroxide (0.1–1.5 mol/L) and ammonia (0.1–2.0 mol/L) med-
ia with 0.087 mol/L N-n-octylaniline. Maximum elution of
copper(II) was observed in hydrobromic acid 100.0%, sulphu-
ric acid 61.5%, perchloric acid 24.6%. In sodium hydroxide
and ammonia there is no elution of metal ion. Hydrobromic
acid was hazardous hence hydrochloric acid was used for the
elution of copper(II).
4.6. Effect of foreign ions
Various amounts of foreign ions were added to a ﬁxed amount
of copper(II) (125 lg) to study the effect of interference
according to the recommended procedure. The tolerance limit
was set at the amount required to cause ±1.5% error in the
recovery of copper(II) (Table 2). It was observed that the
method was free from interference from a large number of cat-
ions and anions. The only cations showing interference in the
method were chromium(VI) and palladium(II).5. Conclusions
Proposed method is very simple, selective, reproducible and ra-
pid, and requires less time for separation and determination. It
is free from the interferences from large number of foreign ions,
which are in their states of nature. Low reagent and acid con-
centration are required for quantitative recovery of copper(II).
It is applied for the separation of copper from ayurvedic sam-
ples and alloys. Silica gel is used as a good solid support be-
cause it has higher stability towards the stationery phase.Acknowledgements
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